Langerhans cell histiocytosis may have a wide variety of clinical presentations. The growth of localised form is usually slow and it mainly involves bones such as the skull, femur, spine, ribs, mandible and pelvis in children. The spectrum of clinical manifestations and magnetic resonance imaging findings of the disease may sometimes mimic infections as well as benign and malignant tumours. In this report, we describe an unusual case of rapidly progressive calvarial Langerhans cell histiocytosis with a painful and tender mass in a 27-year-old man that created diagnostic and therapeutic challenges. We also discuss the relationship between Ki-67 proliferative index and the expansion of the disease. Magnetic resonance imaging studies revealed a bone defect on the left frontal bone with soft tissue components, showing a prominent expansion within a month. The clinical manifestation with the enhancement pattern of epidural soft tissue component on contrastenhanced magnetic resonance imaging suggested an infection besides Langerhans cell histiocytosis. Immunohistochemical expression of Ki-67 antigen was 5%. The presence of a relatively low Ki-67 value indicates that the inflammatory response may have a more important role than local Langerhans cell proliferation in the aggressive clinical course and rapid expansion.
Introduction
Langerhans cell histiocytosis (LCH) is a group of idiopathic disorders which are characterised by abnormal proliferation of histiocytes in various tissues. It is the most common dendritic cell disorder and is divided into three groups on the basis of the number of lesions and systems involved. The multifocal multisystem form is a fulminant multiorgan histiocytosis of infants and children characterised by disseminated involvement of the reticuloendothelial system, anaemia and thrombocytopenia. It is typically diagnosed in the first 2 years of life and is often fatal. The multifocal unisystem form is a chronic recurring form that involves multiple bones as well as the reticuloendothelial system such as the liver, spleen, lymph nodes and skin; and is characterised by the triad of skeletal lesions, exophthalmus and central diabetes insipidus. It is typically seen in children between 1 and 5 years of age. The unifocal, localised form is seen in approximately 70% of LCH cases. Eosinophilic granuloma is an older term for unifocal LCH. It is a slow growing disease usually seen in children between 5 and 15 years of age and is characterised by an accumulation of Langerhans cells in a single bone or a few bones, and may involve the lung. 1, 2 Ki-67 antigen is a non-histone protein that is expressed only in the proliferative phase of cell cycle. It is considered to be the most reliable proliferative marker predicting the behaviour of a disorder and can be detected on formalin-fixed paraffin-embedded tissue section. 3 We here report an unusual case of calvarial rapid growing LCH with a low Ki-67 nuclear antigen expression even mimicking an infection in an adult to discuss the role of Ki-67 proliferative index on the expansion of the disease. We also briefly discuss its imaging features, differential diagnosis and treatment options.
Case presentation
A 27-year-old man with an unremarkable medical history was admitted to our hospital with a recently developed intermittent left frontal headache. Neurological examination was normal. A cranial magnetic resonance imaging (MRI) demonstrated a skull lesion with the destruction of the tabula interna in the left side of the frontal bone and an epidural soft tissue component ( Figure 1 ). On this admission, no contrast-enhanced imaging study and any further evaluation were conducted because of patient refusal. However, he returned back to the imaging centre after a month of the initial admission with progressively worsening left frontal headache and a localised painful swelling in the scalp. Repeat MRI was performed using a 3-T unit with T1-weighted (TR/TE: 310.6/2.3 ms), T2-weighted (TR/ TE: 3564/80 ms), diffusion-weighted (TR/TE: 4088/91 ms; b-value: 1000 s/mm 2 ) and susceptibility-weighted imaging with minimum intensity projection (SWI minIP), as the previous one. Contrast-enhanced threedimensional (3D) turbo field echo T1-weighted (TR/TE: 7.90/3.50 ms) images were also obtained after intravenous administration of 10 ml of gadobutrol (Gadovist; Bayer Schering Pharma, Berlin-Wedding, Germany). MRI revealed a rapid expansion of the lesion when compared to the initial study, with an enlarged skull defect and an epidural soft tissue component. There was also an invasion of the adjacent dura and an extension to the scalp. The intraosseous component of the lesion was heterogeneous hyperintense to gray matter and the epidural soft tissue component was hypointense to gray matter on T1-weighted imaging. The adjacent dura was thickened with hyperintense signals. The lesion showed heterogeneous predominantly hyperintense signals on T2-weighted imaging. There was no restricted diffusion on diffusion-weighted imaging. There were hypointense signals on susceptibility-weighted imaging consistent with intralesional haemorrhagic foci. The epidural and skull components of the lesion revealed peripheral and internal intense enhancement simulating a multiloculated-multiseptated infected collection with subgaleal soft tissue on contrast-enhanced 3D turbo field echo axial T1-weighted MRI (Figure 2 ). Based on imaging findings and the rapid expansion feature of the lesion, an infectious process was primarily considered besides a tumoral process such as LCH. Surgery was performed and the lesion was totally resected via craniectomy including the extra-axial soft tissue components with removal of the dura and the subgaleal extension ( Figure 3 ). Histologically, there was infiltrating Langerhans cells characterised by polygonal cells with eosinophilic cytoplasm and oval nuclei with longitudinal grooves resembling coffee beans. Eosinophils, multinucleated giant cells, neutrophils, lymphocytes, plasma cells, fibrosis and focal necrosis were also seen. The tumour cells showed positivity for CD1a, S100, vimentin and CD68. CD3 and CD20 showed positivity in mature lymphocytes. Immunohistochemical expression of Ki-67 antigen was also assessed in a section of the soft tissue component and was found to be 5% (Figure 4) . Following the surgery, whole body 18 F-FDG positron emission tomography computed tomography (PET-CT) was performed and did not show any other pathology. A low dosage of local radiotherapy and a purposeful observation was decided on, and the patient was referred to our radiotherapy department.
Discussion
Unifocal frontal bone involvement of LCH is the most frequent affected location of the skull. The other most common skeletal locations for the lesions of unifocal LCH are the mandible, femur, spine, ribs, pelvis and the diaphysis and metaphysis of long bones. The patients can be asymptomatic but may manifest with focal pain and soft-tissue swelling in the scalp. There is usually a well-defined lytic punched-out lesion with asymmetric destruction of the inner and outer cortices, which may result in a characteristic beveled edge on skull radiographs. 1 MRI usually demonstrates a marrow-replacing lesion that is T1 hypointense, T2 hyperintense, with homogenous enhancement. The aggressive course of a calvarial unifocal LCH in an adult is a very rare unexpected condition and may create diagnostic and therapeutic challenges. The mechanism of the aggressive course with rapid expansion and invasion of the disease remains unclear and is usually attributed to the local proliferation of the Langerhans cells associated with a prominent inflammatory response. Although the Ki-67 proliferative index represents the proliferative rate of tumours and many studies have been performed to correlate this index with tumour progression, there are only a few case reports that showed aggressive calvarial unifocal LCH characterised by high Ki-67 nuclear antigen expression in the current literature. [4] [5] [6] [7] The results of nuclear expression of Ki-67 antigen at the labelling index reported by Carangelo et al., 4 Fujimura et al., 7 Bruno et al. 5 and Dolzhansky et al. 6 were 20%, 18%, 10%., and 6.2%, respectively. However, the result of the Ki-67 proliferative index in our case is unexpectedly lower than the reported results, with a value of about 5%, but the rapid extension and aggression is more prominent when compared to them. This novel finding strongly suggests that the inflammatory response may have a more important role than the role of local Langerhans cell proliferation in the aggressive clinical course and rapid expansion observed in some rare cases of unifocal calvarial LCH, although further observations are needed. The MRI appearance of the epidural soft tissue component of the lesion with the central part hypointense signal intensity on T1-weighted imaging and very high signal intensity on T2-weighted imaging as well as peripheral and septal enhancements after gadolinium administration is typical in infectious processes but uncommon for localised LCH, complicating the imaging diagnosis. 8 The MRI features associated with low Ki-67 value may be attributed to the presence of the intense inflammatory reaction with plasma cells, eosinophils, lymphocytes and necrosis besides Langerhans cell proliferation, in this particular case.
The differential diagnosis of calvarial rapid growing unifocal LCH in an adult may include neoplasms such as a solitary metastasis, primary bone tumours such as osteosarcoma and Ewing sarcoma, and primary or secondary bone lymphoma and primitive neuroectodermal tumours. Because the initial signs and symptoms of patients with the disease often include local pain and swelling, as in the presented case, infections should be considered in the first place. Furthermore, patients with acute phase localised LCH may have fever, elevated erythrocyte sedimentation rate, mild leukocytosis and normochromic anaemia as an infection. 8, 9 The conventional MRI findings may also suggest the diagnosis of an aggressive osteomyelitis with an abscess showing an intense peripheral and internal enhancement in a multiloculated-multiseptated pattern in the soft tissue component, together with a lytic bone defect. However, advanced MRI findings demonstrating haemorrhagic signals on susceptibility-weighted imaging and lack of restricted diffusion on diffusion-weighted imaging excludes the diagnosis of an infection with an abscess. The aggressive nature of the lesion should easily exclude the benign lesions such as haemangiomas, fibrous dysplasia and developmental disorders. The unifocal monosystem of LCH of the skull is a clinicopathological entity with an excellent prognosis, when treated with surgical curettage or excision. Steroids, radiotherapy or chemotherapy are the other treatment options in the aggressive course. Long-term follow-up is necesssary as recurrence may occur. 10 In conclusion, rapid expansion and invasion may occur in calvarial unifocal LCH with a low Ki-67 nuclear antigen expression. Even though the clinical and MRI findings may resemble an infection, rapidly expanding calvarial localised LCH should also be kept in mind in the differential diagnosis in an adult when a destructive skull lesion and peripheral and/or septal enhancing extra-axial soft tissue component is present.
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